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Introduction
Body impedance is directly related to water distribution and hydration of the body. In normally hydrated people, this relationship can be extended to fat-free mass and fat mass. The common and recommended (1) method of measurement of body impedance and that for which many population-specific prediction equations have been validated is for the subject to be in a recumbent position with arms and legs slightly abducted and electrodes on the hand and foot. In 2004, the principles and methods for bioelectrical impedance analysis (BIA) 1 were reviewed (2) , and guidelines for clinical practice (3) were updated, with hand-to-foot assessments in the lying position being the most often published. However, there is no common validation equation for estimation of body composition from bioimpedance measurement; therefore, it is important that the BIA equation chosen has been verified against reference methods in the population being studied. In the field, it is more difficult to provide the ideal conditions, because subjects can object, feel insecure, or be embarrassed if asked to lie on the floor, ground, or a raised platform, and it may be difficult to provide a wide enough bed or an appropriate place to put the head. It also is not easy physically for some people to lie down and sustain a static position or to rise because of joint, respira-tory, or body size problems. The person doing the measurement also needs to be able to help people up and down and kneel on the ground if that place is used.
The ambient temperature of the room and the skin can also be a problem, especially because prolonged lying or standing may cause cooling. Gudivaka et al. (4) found that impedance varies inversely with skin temperature, i.e., impedance increases with a lowering in temperature and decreases with a rise in skin temperature, and that this change in conductance seems to be caused by a change in the conductance of the skin and not a change in cutaneous blood flow or compartmental fluid shifts. Therefore, the warmth, time, and comfort in a position to achieve a reliable and stable reading also needs to be considered.
An initial report (5) noted that standing resistance could be multiplied by 2.3% to make it comparable with published recumbent measurements. In a pilot study (6) in elderly people, we developed this observation further and suggested that the measurement of bioimpedance in the standing position, with an appropriate adjustment, can be a good alternative to lying down. So that previously validated equations for hand-to-foot bioimpedance measurement of body water may be modified for use in the standing position, the aims of this study were to 1) investigate the effects of posture, time, sex, and age on the relationship between standing and lying resistance and 2) provide evidence for a more practical and reliable method of measuring hand-to-foot bioimpedance.
Research Methods and Procedures
Two hundred five (94 female and 111 male) ambulant subjects 6 to 89 years of age participated. Twenty-five subjects were drawn from an ongoing study with elderly Asian Indians. A further 180 subjects were recruited as a convenience sample at both the Auckland University of Technology and local community groups. Exclusion criteria included conditions that did not allow the subject to stand or remain still, skin conditions that did not allow the placement of the electrodes, scarring that affects the skin impedance, amputation of the right arm or leg, and ascites or edema. The Auckland University of Technology Ethics Committee approved the study. All adult participants or children's caregivers signed informed consent.
Background information on participant's age, sex, ethnicity, and time since food was last eaten and the bladder last voided was recorded before testing. Standing height was measured, without shoes, in duplicate to the nearest 0.1 cm with a stadiometer. Body weight was measured without shoes and in light clothing in duplicate to the nearest 0.1 kg. Waist circumference was measured in duplicate to the nearest 0.1 cm, using a non-stretch inelastic tape placed at the midpoint between the lower rib and upper iliac crest. The temperature of the room was recorded, and subjects stood barefooted on an insulating mat. Subjects moved freely for the same period of time between measurements. All measurements were performed by trained researchers.
BIA measurements were made using a single-frequency (50 kHz) battery-operated bioimpedance analyzer (BIM4; Impedimed, Queensland, Australia). Areas of the right hand and foot where the electrodes, Red Dot 2330 or Impedimed Body Comp BIA electrodes, were to be placed were cleaned with alcohol. The current electrodes were placed on the foot, over the distal portion of the second metatarsal, and on the hand on the distal portion of the second metacarpal. The sensing electrodes were placed at the anterior ankle between the tibial and fibular malleoli and at the posterior wrist between the styloid processes of the radius and ulna. The bioimpedance measurements were recorded first with people standing (S1) without moving, with arms and legs slightly abducted so that they were not touching. Then the participants were asked to lie down in a supine position (L) on the floor or a bed in a similar position and then again to assume a standing position (S2). In each position, the measurements were repeated until they were stable to within 1 ⍀ (usually up to three times within an interval of 20 seconds), and the average value was used in calculations.
In a subset of volunteers, 22 measurements were made over 23 minutes to assess the effect of time in a position on the measurements. Before and between the standing and lying positions, the subjects walked around to ensure that fluid distribution was comparable before each position was assumed.
At the same time of day for 3 consecutive days, 12 subjects (6 female and 6 male; 7 to 54 years of age) had the measurements repeated by the same researcher. The coefficients of variation of weight, height, and waist were 0.63%, 0.02%, and 1.30%, respectively. The daily variations of resistance measures of standing, lying, and standing again were 1.07%, 1.56%, and 3.20%, respectively.
Data are presented as means and SD. The Bland Altman method (7) was used to test the bias of measurement of resistance of standing vs. lying. The relationship of lying to standing with age was assessed using the Pearson correlation coefficient and also by grouping by age. The ratio of lying to standing was calculated by age group to provide a correction factor to adjust standing resistance measurements to equate with lying. Comparison of readings corrected for the standing position with lying was made using a paired Student's t test.
Results
Subjects were drawn from six ethnic groups: European (153), Maori (8), Pacific (8), Indian (26), Asian (8) , and other (4), representative of the diverse Auckland population. Subject characteristics are shown in Tables 1 and 2 and represented a wide range of weight (21.0 to 121.2 kg), height (116.5 to 189.7 cm), and waist (32.7 to 113.0 cm) measurements and also fitness and fatness.
Time from the subject assuming the standing or lying position to readings that did not differ by Ͼ1 ⍀ averaged 75 seconds. Lying bioimpedance, on average, was 12 ⍀ higher than standing bioimpedance (Figure 1 ). The second standing measurement was, on average, 1 ⍀ lower than the first standing measurement. The difference between lying and standing increased as body resistance increased, but when examined as a percentage change in resistance, the increase was not linearly related to the body resistance and averaged 2.0 Ϯ 1.2%. When the ratio of lying to standing was examined with respect to age (Figure 2 ), a significant decrease of the ratio with increasing age was seen (r 2 ϭ 0.138 p Ͻ 0.00001). A negative relationship of the ratio to weight (r 2 ϭ 0.047 p ϭ 0.002) but not height (r 2 ϭ 0.011 p ϭ 0.134) was also observed. Grouping by age (children 5 to 14 years, young adults 15 to 30 years, middle-aged 31 to 59 years, and elderly 60ϩ years) enabled the construction of a table of recommended factors to adjust the standing bioimpedance by to equate with that measured lying (Table 3) . There was no significant difference between factors for males and females. When the standing resistance multiplied by the appropriate factor was compared with lying, the Values are means Ϯ SD. Stand 1, first measure of the resistance in the standing position; Stand 2, second measure of the resistance in the standing position; Lying, value of the resistance in the lying position; Diff L-S, difference between the average resistance standing less resistance lying.
average difference was 0.2 ⍀, with the 95% confidence limits of the difference being Ϫ1.02 to 0.63 ⍀. In 10 subjects, resistance was measured every half minute for 11 minutes standing and then 11 minutes lying. Standing resistance decreased with time and lying resistance increased in 10 of the 10 subjects measured in this way (Figure 3) . The intra-individual change in one position within this time did not exceed 9 ⍀ and was frequently less than this.
Discussion
When lying and standing bioimpedance hand-to-foot measurements at 50 kHz were compared, we showed that there was a predictable change in body resistance for a wide range of bioimpedance, body size, age, sex, and diverse ethnicity. Small changes in resistance continued with prolonged lying or standing over 10 minutes and did not seem to stabilize at any point. In a small study (8) , changes in impedance were tracked, and a 5% rise after 10 minutes of lying was recorded, with a further 4% increase over 4 hours of sustained lying with no apparent period of stability. Using hand-to-foot and segmental multifrequency bioimpedance, it has been shown that changes in body position result in changes of resistance (9), with an average rapid increase of extracellular hand-to-foot resistance of 12.4% when going from sitting to lying and an increase in both arm and leg resistance with prolonged lying. Earlier work by Zhu et al. (10) and De Lorenzo et al. (11) in men also showed that extracellular and total resistance increased when going from standing to lying, whereas no significant changes were shown in women by others (12) . We were unable to show any difference in the magnitude of the change between sexes. The best explanation of changes in resistance is hydrostatic fluid shifts. Quiet standing leads to a rapid reduction of plasma volume in the legs and lower arms, because in the early stages of standing, raised hydrostatic pressures in the limbs shifts fluid from the blood compartment into the interstitium, and venous return is reduced. In men (average weight, 78 kg), from changes in hematocrit, it was determined that in the first 3 minutes of standing, ϳ330 mL left the blood compartment, with the total loss of fluid from the blood stabilizing at ϳ700 mL within the first 10 minutes of standing (13) . Furthermore, in both men and women, single frequency bioimpedance over 12 hours in the lying position has been shown to increase, with the most rapid change taking place over the first 30 minutes (14) . We showed in larger numbers that the magnitude of the resistance change with time is not sex-specific but does decrease with age, perhaps indicating age-related differences in vascular tone and permeability. Day-to-day variation in resistance measurement is reported as ranging from 2% to 3.5% (2). Our coefficients of variation of measurement (1.1% to 3.2%) are in this order of magnitude. In addition, the calculation of body fat from bioimpedance often uses both the height squared and the weight in the prediction equation-these add another 1% of error that may propagate the errors further. Additionally, making sure that the bladder is empty, that food or fluid have not recently been drunk, that the limbs are adequately abducted, that the subject is relaxed, and that the hands and feet are warm will reduce variation and improve accuracy. We also recommend standardizing the activity before the measurement to ensure consistency. When subjects went from lying to standing, there was a small (1 ⍀) difference between that measurement and the first standing measurement. Prolonged stasis is known to cause fluid shifts. This would be corrected by gentle physical activity immediately before any bioimpedance measurement, because movement-assisted venous and lymphatic drainage will help restore fluid distribution to a more balanced state.
The limitations of this study include the fact that effect of position on bioimpedance measurement was measured only at 50 kHz, that the majority of subjects were European, that the study was underpowered to detect whether ethnic differences in limb-to-torso ratios would affect the relationship, and that the correction factors recommended apply only if the position is maintained for a short time.
In the assessment of body fatness for the understanding of body composition, for the assessment of the effectiveness of lifestyle interventions, and for clinical use, it is important to have a simple, inexpensive method of measuring body composition that is practical with respect to time, comfort, and repeatability. We conclude that 50-kHz single frequency bioimpedance may be measured with accuracy in the standing position within 2 or 3 minutes of electrode placement, and, with appropriate adjustment, population-specific validated prediction equations may be applied. 
